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Purpose: ST-elevation myocardial infarction (STEMI) patients may visit the 
emergency department (ED) complaining of sensations of pain other than the 
chest. We investigated our performance of reperfusion therapy for STEMI patients 
presenting with non-chest pains. Materials and Methods: This was a retrospec- 
tive observational cohort study. STEMI patients who underwent primary percuta- 
neous coronary intervention (PCI) were divided into a chest pain group and a non- 
chest pain group. Clinical differences between the two groups and the influence of 
presenting with non-chest pains on door-to-electrocardiograms (ECG) time, door- 
to-balloon time, and hospital mortality were evaluated. Results: Of the 513 pa- 
tients diagnosed with STEMI, 93 patients presented with non-chest pains. Patients 
in the non-chest pain group were older, more often female, and had a longer symp- 
tom onset to ED arrival time and higher Killip class than patients in the chest pain 
group. There was a statistically significant delay in door-to-ECG time (median, 2.0 
min vs. 5.0 min; /j><0.001) and door-to-balloon time (median, 57.5 min vs. 65.0 
min; /?<0.001) in patients without chest pain. In multivariate analysis, presenting 
with non-chest pains was an independent predictor for hospital mortality (odds ra- 
tio, 2.3; 95% confidence interval, 1.1-4.7). However, door-to-ECG time and door- 
to-balloon time were not factors related to hospital mortality. Conclusion: STEMI 
patients presenting without chest pain showed higher baseline risk and hospital 
mortality than patients presenting with chest pain. ECG acquisition and primary 
PCI was delayed for patients presenting with non-chest pains, but not influencing 
hospital mortality. Efforts to reduce pre-hospital time delay for these patients are 
necessary. 
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INTRODUCTION 



One of the stumbling blocks that delays early diagnosis of myocardial infarction 
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(MI) is that greater than one third of patients do not present 
with chest pain. 1 ' 4 Such patients may complain of symptoms 
such as dyspnea, weakness, syncope, mental change, and 
nausea/vomiting. 5 " 7 These patients often are delayed in re- 
ceiving 12-lead electrocardiogram (ECG). While early iden- 
tification of these atypical patients is challenging, obtaining 
an immediate ECG for all patients presenting to the emer- 
gency department (ED) would be neither feasible nor cost- 
effective. Alternatively, Glickman, et al. 5 has suggested a tri- 
age rule to prioritize patients who should receive a rapid 
ECG test. 6 

Timely reperfusion is crucial for the treatment of ST-ele- 
vation myocardial infarction (STEMI) patients. 8 - 9 The 2010 
American College of Cardiology/ American Heart Associa- 
tion guidelines recommend that patients who may have the 
potential for acute coronary syndrome should have an ECG 
within 10 minutes of ED arrival and percutaneous coronary 
intervention (PCI) for STEMI patients should be performed 
within 90 minutes. 10 Delay in receiving an ECG, due to the 
absence of chest pain complaints, can adversely affect out- 
comes for STEMI patients. The effect of chief complaints 
on timely reperfusion therapy and treatment outcomes in 
STEMI patients, however, is not well known. 

In this study, we investigated the clinical characteristics, 
performance of door-to-ECG time and door-to-balloon time, 
and consequential hospital mortality in STEMI patients pre- 
senting with non-chest pains, compared to patients present- 
ing with chest pain. 



MATERIALS AND METHODS 



Study design and setting 

This was a retrospective observational cohort study conduct- 
ed in two urban tertiary care hospitals with a combined ED 
census of 120000 visits per year for the study period. This 
study was approved by the hospitals' Institutional Review 
Board committees. In 2007, a critical pathway (CP) for STE- 
MI patients was implemented in both hospitals to improve 
the timeliness of reperfusion therapy with primary PCI: After 
briefly taking a patient's history and reviewing an initial ECG, 
emergency physicians can contact the coronary catheteriza- 
tion laboratory by clicking the CP button in order communi- 
cation system, resulting in the simultaneous transmission of a 
short message to the on-call cardiologist and coronary cathe- 
terization staff. Then, a cardiologist makes a final decision on 
whether to perfomi primary PCI or not. 



Selection of participants 

We screened patients presenting to the ED between January 
1, 2010 and December 31, 2012, who were suspected to 
have STEMI, and thus, had activated the CP. The ECG cri- 
teria for CP activation is based on standard guidelines: ST- 
segment elevation is defined as J-point elevation on two or 
more contiguous leads, with a threshold of >2 mm in pre- 
cordial reads or >1 mm in other leads. A new or presumed 
new left bundle branch block is also included in ECG crite- 
ria. Among CP activated patients, this study investigated pa- 
tients who underwent an emergency PCI and were diag- 
nosed as STEMI. Patients who survived out-of-hospital 
cardiac arrest were excluded, because their chief complaints 
were unclear. Patients in whom ST-segment elevation was 
not seen in the initial ECG but emerged in follow-up ECG 
were also excluded. 

Chief complaints processing 

Chief complaints, recorded by triage nurse who had at least 
five years experience working in ED, were extracted from 
electronic medical records. Because patients expressed 
their symptoms in various ways, similar symptoms needed 
to be categorized as one term. For example, synonyms for 
"chest pain", such as "chest discomfort", "chest tightness", 
and "chest pressure", were categorized as "chest pain"; 
meanwhile, "shortness of breath" and "difficulty breathing" 
were classified into "dyspnea". Some patients had more 
than one chief complaint. We categorized patients present- 
ing with both "chest pain" and non-chest pain symptoms 
into "chest pain". In the absence of "chest pain", we priori- 
tized the symptoms suggestive of STEMI and that are in- 
cluded in the Glickman rule: chest pain (in age >30 years); 
weakness, syncope, dyspnea, altered mental change, or up- 
per extremity pain (in age >50 years); and abdominal pain 
or nausea/vomiting (in age >80 years). 5 Lastly, all patients 
were divided into a chest pain group and a non-chest pain 
group. 

Time factors and data collection 

The timing for patient arrival at the ED, ECG acquisition, 
STEMI CP activation, and coronary artery ballooning were 
taken from a hospital database. The time of ECG comple- 
tion was extracted from computerized ECG logs, which 
was transmitted to the hospital database. The time of bal- 
looning, where the interventional cardiologist passed the 
coronary catheter guidewire to the culprit lesion, was col- 
lected from the medical records. The time intervals for door- 
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to-balloon time and the composites of door-to-ECG time, 
ECG-to-CP time, and CP-to-balloon time were analysed. 
Achieving door-to-ECG time <10 min and door-to-balloon 
time <90 min was compared between the two groups. 

Patient characteristics, duration of symptoms, mode of 
ED arrival, initial ED blood pressure and pulse rate, severi- 
ty of heart failure on admission by Killip class, 11 and results 
of management, including hospital mortality (expiration 
during admission) and length of stay in hospital, were col- 
lected from the medical records. 

Statistical analysis 

Comparisons of patient characteristics, treatments, and out- 
comes between the two groups were conducted using a Stu- 
dent's t-test or Mann- Whitney U test for continuous variables 
and chi-squared test or Fisher's exact test for dichotomous 
variables. We used Mann- Whitney U test for the time fac- 
tors due to a positively skewed distribution. To detemiine 
factors associated with door to ECG time, door to balloon 
time, and hospital mortality, a multivariable logistic regres- 
sion was performed. A p-vahie of <0.05 was regarded as 
statistically significant. Statistical analyses were performed 
using Statistical Package for the Social Sciences (SPSS) 
software, version 20.0, for Windows (SPSS Inc., Chicago, 
IL, USA). 



RESULTS 



During the study period, the CP was activated in 1043 pa- 
tients who met the ECG criteria. Emergent coronary angi- 
ography was performed in 729 (69.9% of total) patients and 
560 (76.8%) patients were diagnosed with STEMI. No pa- 
tients received intravenous fibrinolytic agent. Among 560 



STEMI patients, 47 patients were excluded: 23 with out-of- 
hospital cardiac arrest and 24 with ST-segment elevation on 
follow-up ECG. Finally, 513 STEMI patients were includ- 
ed in the analysis: 420 (81.8%) patients in the chest pain 
group and 93 (18.1%) patients in the non-chest pain group. 

Chief complaints 

The patients' chief complaints are portrayed in Fig. 1. After 
chest pain, the most common complaints included abdomi- 
nal pain (27, 5.3%) and dyspnea (25, 4.9%). Among the 27 
patients with abdominal pain, the pain location was the epi- 
gastrium in 18 patients. When the Glickman triage rule was 
applied retrospectively, 91.0% (462/513) of patients could 
be screened. For patients in the non-chest pain group, 49 of 
93 patients met the criteria. There were 24 patients with ab- 
dominal pain under the age of 80, who were not included in 
the Glickman rule. 

Patient characteristics 

Demographics and clinical characteristics of patients present- 
ing with non-chest pain were compared with patients pre- 
senting with chest pain (Table 1). Patients without chest pain 
at presentation were significantly older (69.2 years vs. 61.7 
years, /K0.001) and female (32.3% vs. 18.6%,/?=0.003). 
They had a higher prevalence of chronic renal failure, stroke 
and heart failure, and a lower prevalence of being a current 
smoker. Patients with non-chest pain had a greater delay of 
onset of symptoms to ED arrival (4.0 hours vs. 0.5 hours, 
p=0.00Y), although both groups used ambulances in similar 
proportions. At initial evaluation, degree of heart failure was 
more severe in the non-chest pain group, by Killip class III 
(22.6% vs. 9.5%, ,p<0.001) and Killip class IV (22.6% vs. 
10.5%, /K0.001). Patients with non-chest pains showed a 
longer duration of hospitalization (p=0.020) and higher 
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Nausea/vomiting, 4 




Fig. 1. Distribution and frequency of chief complaints. 
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Table 1. Characteristics of Patients 



Characteristics 


All(n=513) 


Chest pain (n^20) 


Non-chest pain (n=93) 


p value 


Age, mean±SD, n (%) 


63.1±13.7 


61.7±13.2 


69.2±14.2 


<0.001 


<49 


92(17.9) 


82(19.5) 


10(10.8) 




50-79 


361 (70.4) 


301 (71.7) 


60 (64.5) 




>80 


60(11.7) 


37 (8.8) 


23 (24.7) 




Female, n (%) 


108(21.1) 


78(18.6) 


30 (32.3) 


0.003 


BM, n (%) 


24.5±8.6 


24.7±9.3 


23.5±3.7 


0.247 


Diabetes mellitus, n (%) 


166 (32.4) 


134 (31.9) 


32 (34.4) 


0.641 


Hypertension, n (%) 


270 (52.6) 


215(51.2) 


55 (59.1) 


0.165 


Chronic renal failure, n (%) 


27 (5.3) 


18 (4.3) 


9 (33.3) 


0.035 


Hypercholesterolemia, n (%) 


39 (7.6) 


36 (8.6) 


3 (3.2) 


0.086 


Current smoking, n (%) 


219 (42.7) 


189(45.0) 


30 (32.3) 


0.025 


Previous event, n (%) 


Stroke 


27 (5 3) 


17 (4 0) 


10(10.8) 


0.009 


Variant angina 


6(1 2) 


5 (1 2) 


1 (1 1) 


0.100 


Unstable angina 


14 (2 7) 


13 (3.1) 


1 (1 1) 


0.482 


Myocardial infarction 


30 (5.8) 


27 (6.4) 


3(3.2) 


0.329 


Heart failure 


10(1.9) 


10(1.9) 


6(6.5) 


0.003 


Previous PCI 


52(10.1) 


46(11.0) 


6(6.5) 


0.254 


Previous CABG 


7(1.4) 


7(1.4) 


0(0) 


0.360 


Symptom onset to arrival, median (IQR), hr 


2.0 (0.7, 5.8) 


1.5(0.5,5.0) 


4.0(1.0, 13.6) 


0.001 


Ambulance arrival, n (%) 


278 (54.2) 


221 (52.6) 


57(61.3) 


0.129 


Office hrs presentation, n (%)* 


223 (43.5) 


178 (42.4) 


45 (48.4) 


0.290 


First SBP, mean±SD, mmHg 


130.4±33.9 


131.5±32.2 


125.7±40.4 


0.137 


First PR, mean±SD, beats/min 


80.6±20.9 


80.7±19.3 


80.5±26.9 


0.953 


First CK, R7/L, mean±SD 


391.9±857.7 


373.9±845.1 


473.2±912.9 


0.313 


First CK-MB, ng/mL, mean±SD 


25.0±66.9 


23.9±66.0 


30.1±71.3 


0.416 


First troponin-T, ng/mL, mean±SD 


0.7±2.0 


0.6±1.9 


1.1±2.2 


0.035 


Killip class, n (%) 








<0.001 


I 


317(61.8) 


280 (66.7) 


37 (39.8) 




n 


70(13.6) 


56(13.3) 


14(15.1) 




in 


61 (11.9) 


40 (9.5) 


21 (22.6) 




rv 


65 (12.7) 


44(10.5) 


21 (22.6) 




Hospital stay, median (IQR), days 


5.0 (4.0, 7.0) 


5.0 (4.0, 6.8) 


6.0 (4.0, 10.5) 


0.020 


Hospital mortality, n (%) 


41 (8.0) 


25 (6.0) 


16 (17.2) 


<0.001 



SD, standard deviation; BMI, body mass index; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft; IQR, interquartile range; SBP, 
systolic blood pressure; PR, pulse pressure; CK, creatinine kinase. 
*9 am-5 pm, Monday to Friday. 



hospital mortality than patients with chest pain (pO.OOl). 

Goal achievement and related factors 

Time intervals are presented in Table 2. Patients in the non- 
chest pain group had a longer median door-to-balloon time 
(65.0 min vs. 57.5 min, /?<0.001). Time to obtain an ECG 
was delayed for patients in the non-chest pain group (5 min 
vs. 2 min,/?<0.001). The remaining components of the time 
interval were similar between the two groups. 

An ECG was obtained within 10 minutes for 92.0% of all 
patients: 95.7% in the chest pain group and 75.3% in the 



non-chest pain group, £><0.001 (Fig. 2). 93.3% of all patients 
had a door-to-balloon time within 90 minutes. Reperfusion 
was delayed for 4.2% of patients presenting with chest pain 
and 18.0% of patients with non-chest pain (pO.OOl). 

Table 3 shows the logistic regression analysis for ECG 
delay (door to ECG time >10 minutes) and balloon delay 
(door-to-balloon time >90 minutes). Presentation with non- 
chest pains was the most important predictor for both ECG 
delay [odds ratio (OR), 6.41; £><0.001] and balloon delay 
(OR, 4.25; /?<0.001). Female gender and walking arrival to 
the ED were related to the ECG delay, but not related to the 
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Table 2. Comparison of Time Intervals According to Presenting Chief Complaints 



Characteristics 


All (n=513) 


Chest pain (n=420) 


Non-chest pain (n=93) p value 


Door-to-balloon time 


59.0 (48.0, 73.0) 


57.5 (47.0, 72.0) 


65.0 (52.0, 85.0) 


<0.001 


Door-to-ECG time 


2.0 (0, 5.0) 


2.0 (0, 4.0) 


5.0 (2.5, 10.5) 


O.001 


ECG-to-CPtime 


4.0(1.0, 8.0) 


4.0(1.0,8.0) 


4.0(1.0, 10.0) 


0.720 


CP-to-balloon time 


47.0 (38.0, 60.0) 


46.0 (37.0, 59.0) 


49.0 (40.0, 67.0) 


0.146 


ECG, electrocardiogram; CP, critical pathway. 








Table 3. Variables Influencing Door-to-ECG Time and Door-to-Balloon Time 








Door to ECG time >10 mins 


Door to balloon time >90 mins 




Univariate 


Multivariate 


Univariate 


Multivariate 




OR (95% CI) p value 


OR (95% CI) p value 


OR (95% CI) p value 


OR (95% CI) rvalue 


Age* 


1.6(1.2-2.0) 0.001 


1.1(0.8-1.5) 0.446 


1.6(0.8-3.0) 0.162 




Female 


4.7 (2.4-8.9) <0.001 


3.6(1.6-8.0) 0.002 


2.3(1.1-4.9) 0.025 


1.7(0.8-3.8) 0.169 


Non-chest pain group 


7.3(3.7-14.3) O.001 


6.4(3.1-13.2) O.001 


5.0(2.4-10.4) <0.001 


4.2 (2.0-9.0) <0.001 


Symptom onset to arrival 
time per 1 hr 


1.0(1.0-1.0) 0.006 


1.0(1.0-1.0) 0.378 


1.0(1.0-1.0) 0.009 


1.0(1.0-1.0) 0.107 


Walk arrival 


1.7(0.9-3.3) 0.091 


2.5(1.2-5.2) 0.013 


1.1 (0.6-2.3) 0.701 




Office hours presentation* 


1.4(0.7-2.6) 0.355 




1.6(0.8-3.3) 0.228 





ECG, electrocardiogram; OR, odds ratio; CI, confidence interval. 

*By decade of age. 

f 9 am-5 pm, Monday to Friday. 



100 
80 
60 H 
40 
20 
0 



Chest pain 
Non-chest pain 



100 
80 
60 H 
40 
20 
0 



Chest pain 
Non-chest pain 



0-10 



>31 



0-90 



11-30 

Door to ECG time (min) 

Fig. 2. Proportion of patients who achieved the goal door-to-ECG time and door-to-balloon time. ECG, electrocardiogram 



91-120 
Doorto balloon time (min) 



>121 



balloon delay. Age influenced neither ECG delay nor bal- time were not associated with hospital mortality, 
loon delay. 



Influences on hospital mortality 

Hospital mortality was higher in the non-chest pain group 
than the chest pain group (17.2% vs. 6.0%). We conducted 
logistic regression analysis to determine the effects of chief 
complaints and hospital intervention (ECG and PCI time) 
on hospital mortality (Table 4). Other variables, such as 
age, gender, diabetes mellitus, and hypertension, suspected 
to be associated with hospital mortality of MI, were includ- 
ed in analysis. Age and non-chest pain complaints were 
identified as independent predictors of hospital mortality. 
Female gender, door-to-ECG time, and door-to-balloon 



DISCUSSION 



In our study, the proportion of STEMI patients who com- 
plained of non-chest pain was 18.1%, which was relatively 
high, compared to past studies, which reported proportions 
of 5.2-19. 9%. 5 ' 8 ' 12,13 Our study population had a higher pro- 
portion of Killip class III & IV patients and hospital mortal- 
ity rates than prior studies. In studies investigating MI pa- 
tients, including both STEMI and non-STEMI, the number 
of patients without chest pain increased to 33-47%o. 12 6 The 
proportion of patients without chest pain presentation in 
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Table 4. Variables Influencing Hospital Mortality 





UlllVailalC 




1V1U1U Vai laLC 








p ValUC 


OR fQS% PR 


p ValUC 


* 

Age 




<o 001 


i q n a 7 4\ 

1 .0 ^ 1 . J-Z..^f 


0 001 
U.UU 1 


Ff^mci If 3 

jt cuiaic 




0 004 


1 1 (0 S-? 4 1 ! 


0 7S7 


Diabetes mellitus 


2.1 (1.1-4.0) 


0.021 


1.7(0.9-3.3) 


0.132 


Hypertension 


2.6(1.3-5.4) 


0.008 


1.8(0.8-3.8) 


0.128 


Non-chest pain group 


3.3(1.7-6.4) 


0.001 


2.3(1.1-4.7) 


0.021 


Symptom onset to arrival time per 1 hr 


1.0(1.0-1.0) 


0.727 






Door to ECG time per 10 min 


0.7(0.3-1.7) 


0.479 






Door to balloon time per 30 min 


1.0 (0.7-1.4) 


0.835 







OR, odds ratio; CI, confidence interval; ECG, electrocardiogram. 
*By decade of age. 

STEMI is lower than in non-STEMI. However, atypical 
chief complaints in STEMI patients cause a delay in prima- 
ry PCI and lead to higher fatalities, and thus, deserve greater 
attention. Unfortunately, the Glickman triage rule for timely 
detection of STEMI patient screened only half of patients 
who presented without chest pains. Especially, patients with 
abdominal pain under the age of 80 accounted for a large 
part of the omitted patients, and perhaps the age limit of ab- 
dominal pain presentation should be extended to heighten 
sensitivity. There is concern, however, that the efficiency of 
the screening tool would be reduced because so many pa- 
tients presenting with abdominal pain visit the ED. Thus 
the usefulness of a triage tool composed of only age and 
chief complaint would be limited, despite its simplicity and 
convenience. 

STEM! patients presenting with non-chest pain were more 
frequently older and female. They had longer symptom on- 
set-to-door time, a higher Killip class on presentation, and a 
higher hospital mortality rate. Gender and old age have al- 
ready been shown to be independent predictors of hospital 
mortality in STEMI patients. 2 11 1418 Several studies reported 
that being female was related to delayed primary PCI and 
women had worse outcomes than men. 14 " 1719 Our multivari- 
ate analysis of presenting with non-chest pains, however, re- 
vealed that being female was not an independent predictor 
for delayed PCI and hospital mortality. This is consistent 
with the results of prior studies that show that sex differences 
in mortality rates is caused by baseline comorbidities. 20,21 We 
may reduce the differences in door-to-balloon time between 
males and females by enhancing reperfusion therapy for pa- 
tients with non-chest pain presentation. Over the last decade, 
the hospital process facilitating emergent PCI for STEM! pa- 
tients has been improved, achieving a shorter door-to-balloon 
time for all patients. 22 27 Recently, trials with a focus on high 
risk patients with delayed PCI reported that triage process 



changes, triage staff education, and a feedback system could 
improve the door-to-ECG time and door-to-balloon time of 
STEMI patients presenting non-chest pain. 1213 

Delay in primary PCI is known to be associated with in- 
creased mortality for STEMI patients. 8 - 9 - 28 - 29 However, there 
was a poor correlation between the door-to-balloon time 
and hospital mortality in our results. This may be explained 
as follows: we achieved the guideline's goal of door-to-ECG 
time within 10 minutes in 92.0% patients and door-to-bal- 
loon time within 90 minutes in 93.3% patients, which shows 
a higher performance than suggested by existing research 
that reports a positive correlation between PCI delay and 
hospital mortality. 8 - 9 - 30 - 31 Our high performance was possible 
because of the implementation of CP for STEMI patients; 
moreover, we have been continuing education and feed- 
back for staff in the relevant departments, with efforts to re- 
duce the door-to-balloon time, as a quality indicator. Also, 
our research was performed later than other studies. De- 
creased variation of reperfusion time for each patient might 
not have as great an effect on hospital mortality as original- 
ly thought. Other researchers proposed a similar opinion 
that the extent of benefits from earlier PCI reaches a point 
of diminishing returns and there is little room to reduce 
mortality. 23 - 32 " 34 Currently, a patient's condition, such as pro- 
gression of the disease and heart failure on presentation, are 
considered more important to treatment outcomes. 35 - 36 Re- 
cently, some have postulated that the time from the onset of 
symptoms to reperfusion is a more important determinant 
of outcomes than door-to-balloon time. 33 37 Decreasing de- 
lays due to patients is a difficult problem because it requires 
reducing pre -hospital time. Accordingly, as patients present- 
ing with non-chest pains have longer pre-hospital times, ed- 
ucating the public and emergency medical technicians about 
symptoms of MI other than chest pain and transportation to 
hospital without delay are necessary. 
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This study has several limitations. First, characteristics 
and competence of triage nurses could affect the recording 
of chief complaints. Second, it is not easy to get the exact 
time of symptom onset because of patient reporting errors. 
Patients frequently do not remember the exact onset time 
and report an estimate. Because of this limitation, we could 
not reveal the relationship between symptom onset-to-door 
time and hospital mortality. Third, high-risk patients are 
more likely to have pre-hospital arrest events or expire pri- 
or to trying a primary PCI. Excluding these patients may 
diminish the effects of symptom duration on hospital mor- 
tality. Lastly, this study was a retrospective cohort analysis 
based on medical records and we could not collect follow 
up data concerning the survival of discharged patients. The 
one-month or long-term mortality may be higher than the 
hospital mortality reported herein. 

In conclusion, STEMI patients presenting without chest 
pain showed longer door-to-ECG time and door-to-PCI 
time and higher hospital mortality than patients presenting 
with chest pain. Non-chest pain presentation was an inde- 
pendent predictor of hospital mortality after the primary 
PCI. To reduce hospital mortality of these patients, efforts 
reducing pre-hospital time delay, as well as providing time- 
ly reperfusion therapy, is necessary. 
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